Application of 50 PM) to combined slices of adult rat hippocampus-entorhinal cortex-induced ictal and interictal epileptiform discharges, as well as slow field potentials that were abolished by the FL-opioid agonist [o-Ala*,N-MePhe4,Gly-o15] enkephalin (DAGO, 10 PM) or the GABA, receptor antagonist bicuculline methiodide (BMI, 10 PM); hence, they represented synchronous GABA-mediated potentials. lctal discharges originated in the entorhinal cortex and propagated to the hippocampus, whereas interictal activity of CA3 origin was usually recorded in the hippocampus. The GABA-mediated potentials had no fixed site of origin or modality of propagation; they closely preceded (0.2-5 set) and thus appeared to initiate ictal discharges.
Application of 50 PM) to combined slices of adult rat hippocampus-entorhinal cortex-induced ictal and interictal epileptiform discharges, as well as slow field potentials that were abolished by the FL-opioid agonist [o-Ala*,N-MePhe4,Gly-o15] enkephalin (DAGO, 10 PM) or the GABA, receptor antagonist bicuculline methiodide (BMI, 10 PM); hence, they represented synchronous GABA-mediated potentials. lctal discharges originated in the entorhinal cortex and propagated to the hippocampus, whereas interictal activity of CA3 origin was usually recorded in the hippocampus. The GABA-mediated potentials had no fixed site of origin or modality of propagation; they closely preceded (0.2-5 set) and thus appeared to initiate ictal discharges.
Only ictal discharges were blocked by the antagonist of the NMDA receptor 3,3-(2-carboxypiperazine-4-yl)propyl-1-phosphonate (CPP, 10 PM), whereas the non-NMDA receptor antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX, 10 PM) abolished all epileptiform activities. The GABA-mediated potentials continued to occur synchronously in all regions even after concomitant application of CNQX and CPP. [K+] , elevations were recorded in the entorhinal cortex during the ictal discharge (peak values = 13.9 t-0.9 mM) and the synchronous GABA-mediated potentials (peak values = 4.2 + 0.1 mM); the latter increases were presumably attributable to postsynaptic GABA,-receptor activation because they were abolished by DAGO or BMI. Their role in initiating ictal activity was demonstrated by using DAGO, which abolished both GABA-mediated synchronous potentials and ictal discharges. These data indicate that NMDA-mediated ictal discharges induced by 4AP originate in the entorhinal cortex; such a conclusion is in line with clinical evidence obtained in temporal lobe epilepsy patients. 4AP also induces GABA-mediated potentials that spread within the limbic system when excitatory transmission is blocked and may play a role in initiating ictal discharge by increasing [K+] ,.
Key words: entorhinal cortex; seizures; GABA; excitatory amino acids; rat; 4-aminopyridine The in vitro hippocampal slice preparation is a valuable tool for identifying the fundamental mechanisms that are involved in neuronal synchronization, including the generation of epileptiform discharges recorded in patients with temporal lobe epilepsy (Schwartzkroin, 1993) . This experimental approach takes advantage of the lamellar organization of the hippocampus (Andersen et al., 1966a (Andersen et al., ,b, 1971 . However, as some structures of the temporal lobe (e.g., the amygdala and the entorhinal cortex) are removed during slicing, phenomena such as the initiation and the spread of epileptiform activity within the limbic system may not be fully appreciated in this preparation.
An additional limitation encountered in studies performed in the "isolated" hippocampal slice relates to the type of epileptiform activity that occurs in this preparation.
Spontaneous epileptiform activity recorded in medium containing physiological [K+] most often consists of brief events that resemble interictal discharges observed in situ, whereas prolonged epileptiform discharges (which are the equivalent of the status epilepticus seen in humans or in v&o animal models) are only rarely observed (Schwartzkroin and Prince, 1978; Rutecki et al., 1985 Rutecki et al., , 1987 Dingledine et al., 1986) . Clinical and experimental findings indicate that status epilepticus may cause hippocampal neuronal loss resembling the histopathological pattern of hippocampal sclerosis found in patients with temporal lobe epilepsy (Ben-Ari, 1985; Babb and Brown, 1987; Gloor, 1991) .
The absence of prolonged epileptiform discharges has also been documented by analyzing the effects induced by the convulsant drug 4-aminopyridine (4AP) in isolated hippocampal slices obtained from adult rodent brain (Voskyul and Albus, 1985; Rutecki et al., 1987; Perreault and Avoli, 1991, 1992) . 4AP induces interictal epileptiform activity that is abolished by non-NMDA receptor antagonists at a time when GABA-mediated inhibitory mechanisms are potentiated (Rutecki et al., 1989; Perreault and Avoli, 1991) . In addition, 4AP also induces synchronous GABAmediated potentials, which continue to occur and to spread within the hippocampal slice when excitatory synaptic transmission is blocked by specific antagonists of NMDA and non-NMDA receptors (Michelson and Wong, 1991; Perreault and Avoli, 1991, 1992) .
To avert some of the limitations inherent in the classic hippocampal slice preparation, we have used in the present study combined slices of the rat hippocampus-entorhinal cortex with field potential recording techniques to analyze the modalities of initiation and propagation, as well as the pharmacological profile of the different types of synchronous activity induced by 4AP in 2.0 k 0.4 3.8 5 0.6 111.4 t 9.9 0.9 k 0.06 I.9 t 0.5 45.0 5 14.4 n = 18 n = 13 n=4 n=4 n=7 n=6 n = 10 n = 10 the limbic system maintained in vitro. Here we report that bath application of 4AP induces different patterns of spontaneous activity, including a novel, ictal-like epileptiform discharge that originates in the entorhinal cortex and is caused by an NMDAdependent mechanism. In addition, we used ion-selective recordings to measure the extracellular K+ concentration ([K+],) associated with the 4AP-induced synchronous activity recorded in the entorhinal cortex.
Some of these findings have appeared in abstract form (Barbarosie et al., 1995; Kijhling et al., 1995 
RESULTS

Synchronous
field potentials induced by 4AP Simultaneous field potential recordings from entorhinal cortex and hippocampus during 4AP application revealed several types of spontaneous synchronous activity. Figure I illustrates a typical pattern that was seen in more than 80 slices and consisted of the following three types of field potential activity. (I) I&al-like epileptiform discharges (hereafter termed ictal discharges) that occurred in both entorhinal cortex and all hippocampal areas, and showed electrographic features that were reminiscent of tonicclonic seizures (continuous line in Fig. L4 ). These ictal discharges lasted 20-480 set, had intervals of occurrence of 71-1000 set, and were characterized by high-frequency trains of population spikes riding on a steady shift of negative polarity that was of larger amplitude in entorhinal recordings. (2) Brief (80-150 msec) interictal-like epileptiform discharges (hereafter termed interictal discharges) that were recorded only in the hippocampus proper at intervals of 0.7-11.5 set (awows in Fig. L4 ). (3) "Slow" events (asterisk in Fig. lL? ) that occurred synchronously at intervals of 22-103 set in the different areas of the hippocampus-entorhinal cortex slice and were mainly of negative polarity both in the entorhinal neocortex and in the dendritic regions of the hippocampus proper. When the recording microelectrodes were positioned in the pyramidal or granule layer, these slow events were of positive polarity (e.g., dentate gyrus recording in Figs. 1-3; cf. Perreault and Avoli, 1992). Because these "slow" field potentials were abolished by application of BMI or DAGO (see below), they will be referred to as GABA-mediated potentials. The GABAmediated events recorded in the entorhinal cortex had durations of 0.9-3.9 sec.
As shown in Figures l-5, the ictal discharge was preceded (and thus it appeared to be initiated) by the GABA-mediated potential, which occurred 0.2-5 set before the onset of the ictal event. However, only 11.7 5 1.2% of the GABA-mediated events (data obtained from 9 slices) were followed by an ictal discharge. A further type of interictal activity occurred in the entorhinal cortex in 13 of the 89 slices studied during 4AP application (see Fig. 5C ). These interictal discharges lasted longer than those recorded in the hippocampus proper only, and were observed simultaneously in the dentate gyrus and CA3 and CA1 sectors (not illustrated). GABA-mediated events were hardly distinguishable in the entorhinal cortex whenever this type of interictal discharge occurred (see Fig. 5C ). The values of the duration and of the rate of occurrence of the different types of spontaneous activity recorded June 15, 1996, 76(12) is seen in the hippocampal regions only and consists of continuous interictal-like events. The third type of synchronous activity, referred to as GABA-mediated potential, is recorded in all areas and is characterized by a slow field potential that is of negative polarity in all areas except dentate gyrus (asteuisk in B). A and B are continuous recordings.
in the entorhinal cortex and the CA3 subfield of hippocampus during 4AP application are summarized in Table 1 . Time-delay analysis of the onset of the three types of spontaneous activity recorded in the hippocampus-entorhinal cortex slices suggested that the ictal discharges originated in the entorhinal cortex from where they propagated successively to the dentate area and CA3 and CA1 subfields (Fig. 2&b) .
This type of analysis also indicated that hippocampal interictal discharges occurred in the CA3 subfield earlier than those simultaneously recorded in the CA1 area (Fig. 2B) . In agreement with a previous study (Perreault and Avoli, 1992) , this type of interictal activity was of very small amplitude (or not detectable at all) in the dentate gyrus compared with that recorded in the CA3 or CA1 areas. Moreover, each dentate interictal event did not have any time delay when compared with the corresponding field potential observed in either CA3 or CA1 area. Therefore, the interictal events recorded in the dentate area did represent a volume conduction phenomenon (cf. Perreault and Avoli, 1992) . As illustrated in Figure 2C , there was no single area of origin for the GABA-mediated field potentials; in 23% of the cases (n = 90 events analyzed in 6 slices), these field potentials appeared first in the entorhinal cortex (Fig. 2Cu) , whereas in 1.5,23, and 18% of the cases they started in dentate, CA3, and CAl, respectively ( Fig.  2Cb-d) . In the remaining cases, the GABA-mediated field potentials appeared in more than one area at the same time, suggesting a site of origin that was located somewhere between the recorded areas, and then propagated toward them. A summary of the time delays of the onset of the ictal events of entorhinal origin and of the interictal discharges seen in the hippocampus proper is shown in Table 2 .
Effects of fiber pathway cuts on the 4AP-induced synchronous activity The origin and the modalities of propagation of the different types of synchronous activity induced by 4AP was also studied in sectioning experiments, where fiber pathways were severed, thus isolating some areas of the slice from one or more input pathways. Cut performed at the level of the subiculum only (a procedure that should interrupt most of the connections between the CA1 subfield and the entorhinal cortex) did not modify the rate of occurrence, the duration, or the degree of synchronization of any of the spontaneous activities recorded under control conditions (not illustrated; II = 3 slices). Sectioning the perforant pathway (n = 5 slices) made ictal discharges disappear in the hippocampus, but did not affect the occurrence of interictal epileptiform activity recorded in the CA1 and CA3 areas (Fig. 3A) . This procedure induced a U-32% decrease in the rate of occurrence of the GABA-mediated field potential and modified the degree of synchronicity. Although some of these events remained synchronous in all the areas of the hippocampus-entorhinal cortex slice, 46 -t 5% of them occurred independently in the entorhinal cortex compared with the hippocampus proper. However, when the cut was extended to the subiculum and the two portions of the slice were gently separated (n = 2 slices), all GABA-mediated field potentials were generated in an asynchronous fashion in the entorhinal cortex and in the different hippocampal areas (Fig. 3B) .
Hippocampal interictal discharges disappear in CA1 after a cut of the Schaffer collateral (n = 4 slices), whereas ictal discharges of entorhinal origin could still be recorded in the dentate gyrus and CA3 subfield, not in the CA1 area (not illustrated). This type of lesion did not influence the synchronicity of the GABA-mediated field potentials recorded in the different sectors of the hippocampus and entorhinal cortex (not illustrated).
Pharmacological
properties of the spontaneous synchronous activity Bath application of the NMDA receptor antagonist CPP (II = 5 slices) abolished the ictal discharges of entorhinal origin in all experiments. In the presence of CPP, series of interictal-like events could be recorded in the entorhinal cortex after some of the GABA-mediated field potentials (Fig. 4 , arrowheads in the CPP panel). This type of recurrent interictal activity propagated to the hippocampus proper. In agreement with previous studies (Perreault and Avoli, 1991, 1992 ) the interictal activity recorded in the hippocampus proper was not influenced by CPP. Moreover, neither the rate of occurrence nor the duration and shape of the GABA-mediated field potentials were modified by this NMDA receptor antagonist. The effects of CPP were reversible after wash (Fig. 4, WASH) .
Non-NMDA receptor antagonist CNQX application (n = 6 slices) made all types of epileptiform discharge disappear, June 15, 1996, 76(12) whereas GABA-mediated field potentials persisted in both entorhinal cortex and hippocampus ( Fig. 5A;CNQX) . CNQX induced a nonsignificant decrease in the amplitude of the negative component of the GABA-mediated field potentials recorded in both entorhinal cortex and hippocampal areas, while markedly reducing the initial positive component of this potential whenever present (e.g., Fig. 5A,B ; CNQq.
The occurrence rate of the GABA-mediated events recorded in the entorhinal cortex during CNQX application decreased in 2 of 6 experiments, but remained unchanged in the hippocampus proper (Fig. 5B) ; this effect probably reflected a decrease of synchronicity for these field potentials between the entorhinal cortex and the hippocampus. Further application of CPP to medium containing CNQX and 4AP did not induce additional changes ( Fig. 5A ; II = 5 slices). The interictal activity recorded in the entorhinal cortex of two slices was abolished by CNQX along with the ictal discharges (Fig. SC) .
In line with previous experiments performed in isolated hippocampal slices (Perreault and Avoli, 1989, 1992; Barbarosie et al., 1994 ) the synchronous GABA-mediated potentials recorded in the hippocampus-entorhinal cortex slice during application of 4AP, CNQX, and CPP were abolished by application of the GABA, receptor antagonist BMI (n = 8 slices, not illustrated) or of the p-opioid receptor agonist DAGO, which is expected to prevent GABA release from inhibitory interneurons (Madison and Nicoll, 1988; Lambert et al., 1991; Cohen et al., 1992; Capogna et al., 1993) (n = 3 slices, not illustrated). These findings, therefore, indicate that the synchronous field potentials recorded in the different areas of the hippocampus-entorhinal cortex during application of 4AP and ionotropic excitatory amino acid receptor antagonists represent mainly a GABA,-type, postsynaptic response of principal neurons to GABA released from inhibitory interneurons.
In six experiments, we also studied the effects induced by DAGO on the synchronous activity recorded in the combined Effects induced by the NMDA receptor antagonist CPP (10 pM) on the spontaneous field potential activity induced by 4AP. Note that the ictal discharges are abolished and replaced by a sequence of interictal events (arrowheads) that appear synchronously in the entorhinal cortex and hippocampus proper; by contrast, the interictal activity recorded in the hippocampus proper continues to occur at a higher rate than in control. Note also that the synchronous GABA-mediated potentials are not affected by CPP application.
hippocampus-entorhinal cortex slice during application of 4AP only. Also in these experiments, the p-opioid receptor agonist abolished the occurrence of GABA-mediated field potentials in all areas, an effect that was accompanied by the disappearance of ictal discharges (Fig. 61) . These changes were associated with the appearance of entorhinal interictal discharges (duration 0.2-l set) that propagated to the hippocampus proper and made interictal activity of hippocampal origin decrease in rate (Fig. 6A) . A quantitative summary of these effects is provided in Figure 68 .
Potassium measurements in the entorhinal cortex
The spontaneous activity induced by 4AP was also analyzed in the entorhinal cortex with simultaneous field potential and [K+], recordings. As illustrated in Figure 7A (left panel), the GABA- attained peak values of 3.5-9.3 mM (4.2 2 0.1 mM) and had overall durations of 5-50 set (25.3 t 1.42 set; n = 14 slices). These [K'],, elevations were not followed by undershoots.
Ictal discharges recorded at the same depths were associated with sustained increases in [K'~] ,, that attained peak values of 11-17 mM (13.9 ? 0.9 mM; 11 = 6 slices) in coincidence with the tonic phase, 4-7 set after the discharge onset (Fig. 7A) . These [K']" elevations slowly declined over time, but additional, transient increases in [K'],, (up to 13 mM) coincided with each clonic-type discharge (Fig. 7B,   asterisk) . The overall duration of the [K+] ,, increases recorded throughout the ictal discharge was 97-250 set (147 i 17.5 set; II = 6 slices); in most cases, [K'],, undershoots to 2.6-2.8 mM followed the termination of the discharge (Fig. 7B ).
The [K'],, elevation coinciding with the GABA-mediated tield potential preceding the onset of the ictal discharge appeared to initiate such event. Thus, as illustrated in Figure 7A , (K+],, increased up to 6.5 mM during the initial GABA-mediated field potential, and ictal activity appeared shortly (0.5-l set) after. The [K'10 increases associated with the GABA-mediated potentials temporally related with the ictal discharges were larger than those observed in isolation. For instance, in the experiment of Figure 7 , the GABA-mediated [K'.] ,, elevations recorded between ictal events reached peak values of 4.4 -t 0.3 mM (n = 17 events), whereas those preceding the ictal discharges had values of 6.0 t-0.2 mM (n = 6 events). . Effects induced by DAGO on the synchronous activity recorded in the entorhinal cortex and CA3 area during application of 4AP. Note in A that during DAGO, both GABA-mediated field potentials and ictal discharges disappear, whereas interictal discharges propagating to the hippocampus proper appear in the entorhinal cortex. This effect is accompanied by a decrease in the rate of occurrence of hippocampal interictal discharges, B, Plot of the changes induced by DAGO on the rate of occurrence of GABA-mediated potentials, ictal discharges, and intcrictal cvcnts in five slices.
values in the deep layers of the entorhinal cortex (at -1000-1400 pm from the pia), which was also the site where the field potential, DC shift showed maximal negative values (Fig. 8) . By contrast, the negative-going population spikes that overrode the negative DC shift were of maximal amplitude at 600 km from the pia (Fig. 8) .
In keeping with the findings reported above, application of CNQX and CPP (YI = 17 slices) abolished the spontaneous epileptiform discharges recorded in the entorhinal cortex with field potential and K ' -selcctivc microelectrodes (Fig. 9A ). Under these experimental conditions, both GABA-mediated events and concomitant [K']<, increases still occurred, although at a decreased rate (from 1.8 t 0.7/min under control conditions to 1.4 i 0.6imin during CNQX and CPP application; n = 14 and 17 slices, respectively). Comparison of the [K']<, elevations recorded at equivalent depth of the entorhinal cortex under thcsc two experimental conditions did not yield any significant difference. Therefore, CNQX and CPP only induced a significant decrease of the rate of occurrence of the GABA-mediated potentials, but no change in the amplitude or duration of the associated [K+],, increases.
Field potential and [Km'],, recordings performed at different depths of the entorhinal cortex during application of 4AP and excitatory amino acid receptor antagonists indicated that, in most cases, the largest [K+], increases associated with the GABAmediated events occurred in the deep layers (1000-1400 Frn) (Fig. 9B) . However, these differences were not significant when data obtained from 17 slices were pooled together. The synchronous GABA-mediated field potentials and the associated increases in [K+],, were abolished by application of BMI (n = 1 June 15, 1996, 76(12) 
DISCUSSION
Origin and spread of the 4AP-induced epileptiform activity Application of 4AP to slices of the hippocampus-entorhinal cortex induces prolonged epileptiform discharges that are seen in all regions and resemble the electrographic seizure activity seen in animal models of epilepsy in situ (Matsumoto and AjmoneMarsan, 1964) . These ictal discharges originate in the entorhinal cortex, from which they propagate to the different areas of the hippocampus proper following the well known trisynaptic loop (Andersen et al., 1966a (Andersen et al., ,b, 1971 ). This evidence rests on both time-delay measurements of ictal discharge onset and sectioning experiments, which show that severing the perforant path can abolish the occurrence of the ictal discharges in the hippocampus proper. Moreover, cutting the Schaffer collateral makes ictal discharges disappear in the CA1 area, indicating that excitatory inputs from the CA3 area are necessary for entraining CA1 pyramidal cells to generate the ictal epileptiform discharge. As the ictal discharge propagates from the entorhinal cortex to the hippocampus proper via the perforant path, such activity appears to overcome the gating function of the dentate gyrus; this filtering mechanism has been documented in other models of limbic discharge (Dreier and Heinemann, 1991; Lothman et al., 1993) , including those recorded in the isolated guinea pig brain preparation (Par& et al., 1992) . However, in contrast to findings obtained in the isolated guinea pig brain preparation, we could not document any reentering activity from the CA1 area to the entorhinal cortex via the subiculum. This finding is in line with the lack of changes in discharge pattern seen in the entorhinal cortex after a subicular cut. Similar data have been reported for the ictal activity induced by pilocarpine (Nagao et al., 1996) and for interictal discharges induced by GABA, receptor antagonists (Jones and Lambert, 1990a,b) in combined slices of hippocampus-entorhinal cortex. However, this experimental evidence should be regarded with caution when extrapolating to the mechanisms of limbic seizure in vivo, because connections from the hippocampus to the entorhinal cortex are functional in temporal lobe epilepsy patients (Rutecki et al., 1989) .
Profile analysis of the field potentials recorded in the entorhinal cortex during the ictal discharge induced by 4AP indicates that the largest negative shifts and [K']', increases occur in the deep layers (i.e., -1000-1600 pm from the pia), although population spikes have maximal negative amplitudes at depths of -600-800
Wm. These [K+] , elevations had values similar to those reported in the entorhinal cortex during Mg'+-free-induced ictal discharges (Dreier and Heinemann, 1991) ; in this study as well, the largest negative shifts and [K+], increases were seen in the entorhinal deep layers.
The role of the entorhinal cortex in generating robust epileptiform activity that resembles ictal discharges is in keeping with experiments performed in combined hippocampus-entorhinal cortex slices that were bathed in Mgzf-free medium (Walther et al., 1986; Wilson et al., 1988; Jones and Lambert, 1990a,b; Dreier and Heinemann, 3991) , GABA, receptor antagonists (Jones and Lambert, 1990a,b) , pilocarpine (Nagao et al., 1996) , or elevated [K+] (Bear and Lothman, 1993) . Moreover, the entorhinal cortex plays a prominent role in the generation of limbic seizures induced in vivo by electrical stimulation of the hippocampus (Stringer and Lothman, 1992) whom surgical removal of the entorhinal cortex is essential for achieving seizure control (Goldring et al., 1992) .
Interictal epileptiform discharges were recorded in the hippocampus proper during application of 4AP. In agreement with previous studies performed in the isolated hippocampal slice preparation (Perreault and Avoli, 1991, 1992) , these interictal epileptiform discharges originate in the CA3 area and propagate to CA1 via the Schaffer collaterals. This type of interictal activity does not propagate to the entorhinal cortex, further indicating that synchronous discharges of hippocampal origin do not excite the entorhinal cortex neurons in our slice preparation. Pilocarpine induces an analogous type of interictal discharge in the CA3 and CA1 areas, not in the entorhinal cortex (Nagao et al., 1996) .
Pharmacology
of the 4AP-induced epileptiform activity Activation of ionotropic non-NMDA receptors plays a primary role in the generation of all types of epileptiform discharge induced by 4AP in the hippocampal-entorhinal cortex slice, as indicated by the experiments performed with CNQX. The results observed in the hippocampus proper are identical to those reported for the interictal epileptiform activity induced by 4AP or tetraethylammonium in isolated hippocampal slices (Perreault and Avoli, 1991, 1992; Fueta and Avoli, 1993) , whereas those obtained in the entorhinal cortex are analogous to the effects of non-NMDA receptor antagonists on the epileptiform discharges induced by GABA, receptor antagonists (Jones and Lambert, 1990a,b) or pilocarpine (Nagao et al., 1996) .
Our results also reveal that activation of NMDA receptors is instrumental for the occurrence of the ictal discharges of entorhinal origin. The involvement of NMDA-mediated mechanisms in the initiation and propagation of seizure activity has been reported in many experimental models of epileptiform discharge (Dingledine et al., 1986; Hwa and Avoli, 1991) . However, with the obvious exception of the epileptiform discharges induced by Mgzc -free medium (Mody et al., 1987; Tancredi et al., 1990; Avoli et al., 1991) , these previous studies have shown that blockade of the NMDA receptor only decreases the duration of the epileptiform discharge. Hence, the June 15, 1996, 16(12) present findings, along with those obtained in the pilocarpine pocampus proper during application of 4AP is not influenced model (Nagao et al., 1996) , 1989 , 1992 Barbarosie et al., 1994) . Time-delay analysis indicates that there is no single area of origin for these GABA-mediated potentials, because they can appear first in any of the regions simultaneously recorded in the hippocampus-entorhinal cortex slice or in more than one area at the same time. Therefore, our findings extend to those reported by Perreault and Avoli (1992) in the isolated hippocampal slice and indicate that the pacemaker of the 4AP-induced, synchronous GABA-mediated potential is not confined to a single region of the limbic system. Moreover, the GABA-mediated potentials do not propagate to the other regions of the hippocampus or of the entorhinal cortex in a constant and predictable pattern, as is the case for the different types of epileptiform discharge induced by 4AP. Such a conclusion also rests on the findings obtained by sectioning different pathways of the hippocampus-entorhinal cortex slice. GABA-mediated potentials still occur during application of CNQX (as well as CPP), although at a reduced rate in the entorhinal cortex. Because this decrease in rate of occurrence was not seen in the hippocampus, we are inclined to conclude that it reflects the failure of some GABA-mediated synchronous potentials originating in the hippocampus to propagate to relatively distant sites, such as the entorhinal cortex. Therefore, similar to that reported in the isolated hippocampal slice (Perreault and Avoli, 1992) and in the human neocortex (Avoli et al., 1994) , the spread of the GABAmediated field potentials within the combined hippocampus-entorhinal cortex slice does not depend solely on a "classic" mechanism of pathway excitatory transmission.
It has been proposed (Perreault and Avoli, 1992) that the GABA-mediated event is initiated by the synchronous firing of inhibitory interneurons located in any region of the hippocampus (and in the present experiments of the entorhinal cortex) from where it propagates after the recruitment of other interneurons located nearby, and in other regions via the spatial dispersion of
